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aaSTRACT 


n«e status ot tectinolo«|ies for con- 
trolling eaissiun;; of oxides nitrogen 
from c»'al- fired . ower hints is 
reviewed. A discussion of current teen- 
nology as well as future HO^ control 
approaches is presented. Included in tnis 
latter category are advanced conbustion 
approaches as well as post-conbustion 
alternatives suca as catalytic and non 
catalytic aMonia-nased systens and wet 
scrutx»ing. Special eoptiasis is given to 
unresolved developnent issues as they 
relate to practical applications on coal- 
fired power plants* 


I • xHTiiaDacrioN 


Oxides of nitrogen are a subject of 
general interes California and of 
particular interest in Soutbern Cali- 
fornia* in tnis paper the various control 
tecnnolouy options ava4la?le for power 
plant applications are ducussed. ftie 
discussion IS priaarily ociented around 
direct pulverized coal utilization, 

'ougn auen of what will be said r ppUes 
. itner combustion devices anJ fuels as 
well. 


1 1 . BAC;: GROUND 


Oxides ot nitr-^'ten from comoustion 
sources are composed of nitric oxide (UO) 
and nitroger4 dioxide (N02>. Together they 
are refer reo to as NOj^. From an effects 
standpoint, it is mainly the NO^ and its 
derivatives which are of concern. How- 
ever, from a control technology stand- 
point, It IS t’he KO whlcn is of interest 
since the majority the direct 'missions 
of from power | lants are in this form. 

There are two sources of aitrogen 
wruch can lead to NOjj tormat iv>n. The 
tirM 1 .. fliotecclar nitri>gen carried 

along with tnc oxygen in the air. At high 
combustion temperatures thin normally 
in.‘* t can react *>.ith oxygen to tf'rw 
dOjj. Since this occurs at high temper- 
ature, It IS cregucntly referred to as 


thermal Control of HO, from this 

nitrogen source is reasonably well estao- 
i 4 shed technology. The other source of 
nitrogen is that inuecently bound witnin 
fuel molecules. Because earlier tuermal 
MO, control measures are relatively in- 
effective for tnis nitrogen source, it is 
the inherent nitrogen which maxes MO, 
control iffi%.ult on any fuel containing 
significant quantities of nitrogen. Coal 
falls into this category since it typi- 
cally contains I to 1-1/2A nitrogen by 
weight* 


III. CUBREIIT T^CamOLOGY 


Ac the present time, operational modi'* 
f teat ions to tne combustian process are 
the only cnmmiercially available means of 
controlling MO, emissions from coal-fired 
powei plants (Table I). tins usually 
involves some form of staged combustion 
(MO, rH>rts, overfire air ports, burners 
out of servicel or low mo, burners both of 
which are aimed at minimixing the quantity 
of oxygen availaole for combinatic with 
air or fuel nitrogen sourcres. Combustion 
techniques specif i 'rally aimed at reducinq 
inermal NO, «fiue gas recirculation, 
reduced aic preheat, water injection) are 
relatively ineffective when applied to 
coal- fired boilers. 

Considerable testing of coal-fired 
boilers, .laiuXy by CPA, nas shown that 
current regulations of 0.7 Ib/lO^Btu 
(about 500 ppm for coal) can oe acnieved. 
However, from an operating standpoint, 
sir t fi rant question.* regarding ooiler 
cor..^sion and slagging are still un- 
answered. CP7. nas proposed tnat tne stan* 
dard be lowered to 0.6 Ib/lO^dtu. Tnis 
nas prompted considerable discussion, 
since the ability to reliably meet tne 
0.7 Ib/iO^Btu standard stiK nas not been 
proven. 

Currently, boiier manufacturers are 
investigating burner tecnniques tor con- 
trol', ing MO, to 0.6 Ib/lO^Btu and lower 
ieveis. Howcv*'t, the ability to meet 
these ieveis i:.!;*. >w:,, ts ar- i 

eiiabilicy issues 'Similar to those dis- 
cussed above. 
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£Kissi€Nis ill the 250*100 ppa range 
have been reported in one Japanese coal* 
fired installation. This has been accon* 
plished throngh advanced borner designs 
and staged conbestioo* Long*tem relia* 
bility issues have not been released. 


IV. AOVMCEO TECOMIjOGT 


«eauction in enissions beyond the 
levels cited above will require innovative 
nen technologies. Ooth advanced conbus* 
tio» ^»rocess techniques as well as post* 
conbustion approaches such as catalysis or 
scrubbing are currently under invest iga* 
tion. 


A. COMBOSTlOn HOOiriCATIOb 


There is a considerable body of basic 
data indicating that nitrogen in coal can 
be prevented frou foming by nani* 
pulating the conbusticn process. Properly 
done# the nitrogen tn the ^uel can be 
reduced to hamless nole«.. <ar nitrogen. 


The fondaneotal requirenent to 
acconplish the desired effect is through 
conbustion under controlled reducing con* 
dit ions. One such approach to this 
problen is shown in Fiu. 1* Pulverized 
coal is introduced into a burner with less 
air than required for conplete conbustion. 
A hey feature of this approach is the 
physical isolation of the reducing zone 
fron the osidizing zone# which pernits 
accurate control of process stoichionetry. 
The estended length of the conbustor 
provides the necessary residence tine to 
partially ozidize the coal and pemit 
desirable H 2 *foming reactions to occur. 
Heat renovaf also occurs along tne con* 
hustor to avoid slagging and for process 
tenperature control. Secondary air is 
added at the ezit of the eztended furnace 
to bring the conbustion products to 
ozidizing conditions for the balance of 
their passage through conventional stean 
generiting equipnent. 


Developnent of this process is being 
^xmducted at two scales. Prelininary 
screening tests are being done at approx i* 
narely 4 x lO^Bcu/hr ( 0.4 Mtli . Prototype 
develnpne^it will then be done at 
'Ox loSta/^r ( 5 HW|. 


Results of this research are only now 
becooing available. Typical results fron 
the 4 X lO^Btu/hr scale giv * ut 150 ppn 
for a typical w«^stern si*bbi tun i nous coal. 
While ext rapolat ion of erperience at the 
laboratory scale to full*scale burners 
(typically on the order of 200 x 


lO^Bttt/br) nust be approached with 
caution# the results to date nust be 
viewed as encouraging. Considerably nore 
research into scale*up effects# slagging# 
cor.’osion# safety# and general opera* 
bility*rel lability aspects will be 
required. Connercial availability is 
scheduled for the early to nid 1980s tine 
frane. Prelininary cost estinates for the 
low 00 conbustion systen are estinated at 
about $5/M for new installations. 

B. POST*CQllBIISTIOH COnTROL TeCHBIQUCS 

Even if thr advanced conbustion 
teebniques a: * lOOt successfu.# it is 
unlikely that BO^ below the 100*200 ppn 
range can be ac leved. If enissions below 
this level are deened necessary# post* 
conbustion processes will probably be 
required. 

PDSt*conbustion systens fall into two 
najor categories: dry annonia (Mjl based 

and wet scrubbing. The nBj systens are 
further broken down into catalytic and 
oon*catalytic technologies. Sone dry 
systens can be used to collect and 
SO^. Tbe wet scrubbing systens can be 
used for BO^ alone# but alnost always 
involve cinultaneous BO^ and SO^ renoval 
fot econonic reasons. However# conpara* 
tively little work has been done on wet 
scrubbing relative to dry processes. For 
both BBj and scrubbing processes# tbe vast 
najority of work has been done in Japan# 
Where stringent BO^ standards have been 
inposed. 

1. Catalytic BO^ Control with MBj 

Catalytic reduction of BO with 
annonia (NH.| is selective; that is# HH- 
prefet ^nt tally reacts with BO over other 
conpounds according to the following hypo* 
thes 1 zed overal 1 react ions : 

4MH^ ♦ 4N0 ♦ O 2 — 4 H 2 ♦ 6 H 2 O 11} 

4 HRJ • 2NO2 ♦ O2 3N2 * 6H2O (2| 

As can be seen# only gaseous N 2 and 

H 2 O are the theoretical products. 

A schenatic diagras of a typical 
catalyst application in a coal*fired 
boiler IS shown in Fig. 2. The catalyst 
is physically located between the boiler 
econouizer and the air preheater. Such a 
location is necessary since required cata* 
lyst process >eratures are in the 700- 

800*F range. can seen, the cata- 

lytic systen involves reactors and duct- 
work of significant size. A craph of tht' 
NO^ renoval efficiency is a kunctiuu oi 
tenperature for a typical catalytic :;yste» 
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t:» shu«fn in i* Heiieat ot the tiue 

«|as doimstreM of ch«^ atr preheater to 
provide these temperatures as viewed as 
impractical. 

In Japan* a si<|nificant number of 
catalvtic processes have been investigated 
on flue gas from natural gas and oil-fired 
tH>ilers, and 110,^ reductions of 90% have 
oeon reported, however* only limited data 
are available lor flue gas having SO 2 and 
particulate levels characteristic of U.S. 
coal-fired applications. Acknowledged 
research to date has only been at the 
several hundred cfm | 0.1 IM| to several 
thousand cfm ( I IW| scale. 

In addition to the basic guest ior. of 
scale-up* there are sev<^ral «ey develop- 
ment issues wni ch remain to be solved 
regarding catalytic removal* Table ll 
sromarizes these issues* along with the 
I cal problems that are created* 

^ntial solution^* and a gualitat;.ve 
ite o( costs. 

a. Oust Tolerance 

One ma;or development issue is related 
to the quantity fly asn associated witn 
coal, ^articulate load in coal- fired 
boiler gases is about 1000 times that for 
oil. This means tnat conventional packed 
bed oontaetin*! designs are not practical* 
.inct' I u«>y w«»ultl physically plug up. 

A solution to the dust problem can be 
addressed from two standpoints: elimina- 

«^ion of tne fly asn by using a not elec- 
trostatic precipitator upstreaa of tne 
catalyst; ^*r development of dust -tolerant 
c*»nt ac: I ii | r 1 . In practic%' a 

*' It a • y*:t t *: pt«U».it*lv 
i<‘|iili«**l in i-iy • v**iil :m‘v'*.i*i:;** pi«'Cipita- 
t«»i . t «i 1«'K •fperuting apsots wtiicti produce 
transient particulate con*'- ritrations can- 
not be completely eliminui^d- 

Kesearch into catalyst contactor 
conf igurations whicn are tolerant of full 
coal- fired dust cv 'entrations nas begun 
in Japan, mnile some seneaes involve 
aoi^ini beds* tne more pro.Tising approacnos 
u^ * wnot IS ireguently termed a parallel 
passa)«-* reactor. In suen a contactor tae 
reactor walls are oriented parol lei to tne 
direction ot I low. T*^is permits dit fusion 
of tne HO^ and NH^ to tnv active cat*.lyst 
sites at tne walls* wnile tne dust parti- 
cles continue flowing witn the duIk gases. 
Parallel passage reactor cont igurations 
undec i fivest i',aMon invciude pipe* noney- 
comb and cm rugatcvl. Ueca use ot tne com- 
petitive nature ol tneso wieve lopments * 
only limitevl public intormation is now 
a*, oil Ob U" i-'g aiding d*^ tails iil tbe time- 


dependent performance ot these devices 
over catalyst lives of commercial 
interest. The success in achieving 
erosion and plugging resistant geometries 
will be known as data is published. 

It IS worth noting that extrapolation 
of coal-fired catalyst data to coal* and 
vice versa* must be approached with 
caution. In addition to tne differences 
in particulate loadings noted earlier* tne 
fly ash chemical composition (carbon* 
trace elements* and acidity I anu physical 
characteristics {*stickiness* ) are also 
guite different between tne two fuels. 

Another problem which must be 
addressed even in a parallel passage 
reactor is the problem of physical block- 
age ot the small openings ot the reactor. 
It may be necessary provide some form 
of particulate removal -- such as an 
impaction plate or cyclone --to prevent 
impingement of large fly asn agglomerates 
on the catalyst. The requirement of such 
a device would obviously increase the 
costs of the catalytic system. 

b. NHj Cerryo er 

Another signi t problem tnat must 

be successfully resolved before catalytic 
systems can oe viewea as applicable to 
coal- tired boi tors rt.-'* ites to the carry- 
4»vei xii unroacftrc* t rom the catalyst. 

In addition to being an undesirable 
emission by itselt* MHj can react with SO^ 
to form sulfates or oisulfates which could 
also be emitted to the atmosphere. Prom a 
utility operating standpoint* an even more 
pressing problem is the format. on* conden- 
sation and subs«-..|u«'^nr deposition of ommo- 
tosullati- «m I f»w- 1 AMAporaturA* lu*at 
rev'i»vt.*.f y coiapun«*nts ilown’tream ol the 
catalytic reactor. 

Deposition ot tnis material is un- 
desiraole since it will result in 
increasing pressure drop Leading to subse- 
quent redaction in tne g'^'^^rating capacity 
of tae plant. Tne material is also sus- 
pected to be Corrosive. 

An equilibrium graph snowing tue 
temperature dA'pendence ot oisaitat*' * rija- 
tion as a function of SOj* l\ ,0 and SHj is 
illustrated in Fi 1 . 4. 

Prevention at m sal fate deposition n:ay 
be av'compl i sned via lowered so stoi- 

chiomA'tries (wnicn lower < tiO^ removal)* or 
a catalyst wtuen iiocomposes Siij. At least 
•3ne Japanese company i » re.^earcMnj an 
Jecomposi 1 1 on catalj*st. 
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c. Lm Load Operation 

Bisalfate deposition can also be a 
problem Mithio the catalytic reactor 
itself eben temperatures drop below the 
condensation point such as occurs at low 
load operation, Mtential solutions 
include maintaining the catalyst at 
temperatures above the bi sulfate point by 
incorporating high temperature flue gas 
bypass or higher catalyst operating 
temperatures, the effectiveness of the 
catalysts at higher temperatures is not 
kn^n, 

d. Automatic Control Syscem 

Another engineering problem which 
requires attention is the ammonia injec* 
tion control system, Japanese systems 
typically use feed forward control only 
based on inputs from «*ii*luel I low, 
concentration and inlet NO^, environ- 
mental • economic and operating considera- 
tions in u,$, applications will probably 
dictate that the control system addition- 
ally incorporate as a minik.*m a feedback 
loop based on reactor out&,*^ and NOj|, 

e . Env I ronment a 1 I ssues 

One final point should be noted. 

Since the objective of any catalytic 
process is to improve the environment, 
care must be taken to assure that poten- 
tially undesirable byproducts are not 
released in the process. In addition to 
UUj, ammonium sulfate and bisulfate men- 
tioned earlier, emissions of N^O (the 
result of incomplete reduction of HO^), 

SOj (caused by oxidation of SO 2 over base 
metal catalysts), amines and other com- 
pounds have yet to be evaluated. 

On the basis of personal discus- 
sions with Japanese vendors, econor.ics 
ranae from $10-80 'kW, averagin': $i0 kW. 
Ho%#ever, in many cases it is not clear 
whether this cost covers equipment only or 
installation. It almost certainly does 
not include IDC, GkA and other owner over- 
heads, Besides these basic questions and 
those which always exist when extra- 
polating limited pilot plant data to 
commercial applications, there are other 
factors which confuse the cost picture, 

For example, differences in labor i jtes 
and productivity and raw material costs 
between Japan rnd the U.S, make it difti- 
cult to accurately judge costs by simply 
converting from yen to dollar at the 
current exchange rate. Other factors 
could also lead to substantially different 
costs, such as OSHA requirements and 
general operating philosophy. EPRI 


cuirently has projects aimed at accurately 
defining tha cost of catalyti** tec .nology 
for U,S, power plant applications. This 
information is expected to be available 
later this year. 

Current research activity on catalytic 
nOg systems is at a fairly low level. EPA 
has just awarded a contract to a Japanese 
vendor for research on a 1/2 Hil pilot 
plant, ePRI intends to perform researen 
at the 2-1/2 Nd scale, Oiscassions with 
vendors are currently under way, A major 
feature of this research will be the 
systematic investigation of the major 
development issues noted earlier, 

2, mon-Catalytic Control with Wtl, 

In addition to the catalytic systems, 
resear w'h is also underway on noncata lytic 
•lli*-baS«Mj contt«#I tfcririi»|tx|y , 

tuli^iy, the noncatalytic system is attrac- 
tive; ail that IS required is and an 
injection system. The catalyst is elimi- 
nated, MHj IS injected at the proper 
temperature and the and MHji selec- 
tively and homogeneously react, probably 
according to equations I and 2, The rela- 
tively narrow temperature range over which 
the process is effective is seen in Fig, S 
for an oil- tired laboratory experiment. 
This naiiw* temperature rang* it 

somewhat difficult to apply the technique, 
since the temperature at a single point in 
a boiler can vary significantly with fuel 
1 luctuations, ash deposits, operating con- 
ditions, and load. Solutions to tne 
temperature sensitivity problem include 
multiple injection sites, moveable injec- 
tion piobes or hydrogen addition. The 
likelinvKKi ot this latter technique ^ 
utility applications is not well defined. 

The most significant application to 
date of the noncatalytic technology is the 
J7S NW full-scale installation at the oil- 
fired Chita plant of Chubu Electric in 
Japan (Fig. 6 ). This unit use*, multiple 
injection sites to provide temperature 
variation flexibility. The reduction, 

NH 3 /NO ratio, and carrv-over are shown 
in Figs. 7 and ^ as a function of load. 

The unique snape of tne curves witn load 
IS due to temperature variations with load 
a..d the use ot two NHj injection points. 
Nllj carry-over is tugti especially at low 
load and may Iiffiit ttvc reduction m 

U.S. applications. 

Air preheater deposition at Onita has 
not been a problem due to tne low 
( 1-2 ppm) SO^ levels associated with the 
0.2% S oil used. Feed forward control 
based on oil tUr^, inlet and excess 
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O 2 is used. As %#ith the catalytic 
approach » U.S. utility operatin 9 practices 
will probably dictate the addition of a 
feedback loop as well. 

The currently available data for coal 
firing is shown in Fi<|. 9. These data 
were obtained on a 3 x lO^Btu/hr i^.bora- 
tory facility. The variation in optinun 
proc«‘ss tenperature with unidentified croal 
and/or ash cha* act eristics shown nay con- 
plicate the ease of practical application. 

The noncatalytic technique has renoval 
efficiencies which are l^wer than the 
catalytic approach, hiqher NH^ consunp- 
tion, and hiqher NHj carry-over. Problens 
associated with NH^ c irry-over have 
already been discussed and need not be 
repeated. 


wet systens is reqeneration of the EDTA. 

A viable approach has not yet been 
reported . 

Even if the issues noted above can be 
overcone, there is one overridinq con- 
sideration which nust be addressed* This 
relates to the feasibility of the process 
on low-sulfur coals. Reduction of the NO 
via EOTA or occurs throuqh reaction 
with sulfite ion which is inherently low 
on scrubbers applied to low-sulfur coal. 

It is postulated that an S02^N0^ ratio of 
qreater than 2-1/2 rl nust exist to effect 
the process chenistry. Typical western 
coals are on the order of 1:1 or 2:1. 

These ratios could nake for low NO 
reno'/al efficiencies. Alternatively, SO^* 
reaqents could be added, but this is 
viewed as econonically unattractive. 


1. WO, Scrubbing 


Control of NO^ in a scrt’^binq process 
is attractive because potentially two 
enissions of concern fNO^ and SO 2 ) can be 
contro: led sinultaneously. However, 
scrubb nq of NO^ is 1 inited by the insolu- 
bility of r;0 in nost scrubber liquors. 


Two general ,, 7 roaches have been 
devised to qet ar>*und the NO insolubility 
probica: conversion of the NO to noie 

soluble species and use of an NO *qetter* 
in tne scrubber liquor. 


Oxidation of NO has been explored with 
hypochlorite and O^. However, because of 
water quality considerat I' jH'* , -ly is 
of interest. Ho%#ever, Oj production is 
expensive and energy- intensive. In addi- 
tion, the oxygenated NO is not that 
soluble and large vessels and/or large 
1 iquid-to-gas flow rates are required to 
perform absorption. As an alternative to 
extremely larqe vessels and L/G”s, the 
addition of catalysts has been considered. 
For the typical flowsheet shown .a 
Fig. 10, CuCl^ and NaCl .«re used. Botn of 
these mater lats again raise questions of 
water quality. Additional water quality 
concerns relate to potential byproducts of 
the process, such as inododisul fcnat^ and 
dithionate. Cons iderai ion of these 
factors has led at least one research 
organization in Japan to halt further 
development . 


The other major category of wet 
processes involves the use of ethylene 
diamine tetraacetic acid (EDTA) to form 
reactive adducts with NO. The process 
flowsheet is shown in Fig. 11. These pro- 
cesses also form potentially undesirable 
byproducts similar to those in the 
system. The m.iior development issue in 


V. CONCLUSIONS 


Oevelopwent of NO^ control technology 
tor coal-fired power plants at the pilot 
plant scale is just now beginning in the 
U.S. Direct extrapolation of Japanese 
experience both economically and techni- 
cally should be appro iched with caution. 

The nost cost-effective solution to 
NO^ control will continue to be conbustion 
modification. If greater control than can 
provided by combustion control is 
necessary, NH^-based svstens have an ad- 
vantage over scrubbing s/stess, although 
considerable technical hurdles are yet to 
be resolved. 
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TaUe I 


CURRENT NQx TECHNOLOGY 


moMkaHon 

NO^LnelPPm 

Uhmsotved Issues 

•ODaraiional 

•5OT 

•Ooifosion. Stoggin^ 

Oombostion 

Changes 


Byproduct Emissions 

• New Burners 

•Below 550 

•Corrosion, Stogglnj^ 
Byprodud Emissions^ 
EfiBGt of Coal Type 

• Reporttd 

•250-300 

•Accuracy of Data 

Jagmese 

Data 


unknown 


Table U 

CATALYTIC NQr CONTROL 


OBuekfpmBnt 

Issup 

f^ciicet 

AuMhoi 

AnanOfl# 

Sokttions 

OhaktogiRW 
Cost hnpacf 

•Oust 

Loading 

• CaUKfttBed 
Plug^ge/Ero n 

•IMlellteage 
Beacior with Inertial 
Saparaior 

•Large 



•Hot Elactrostaitic 
fVedpitator 

•Large (possihly 
impracticall 

•NH3 Carryover 

• Enwronment til 
Emissions 

•NH3 Decomposition 
Catalysi 

•Large 


• AirHMM. 
Deposition/ 
Corrosion 

•tower NN3 Feed 
(lowers NOk remowall 

•SmaM 


Table 11 (Coatd) 

CATALYTIC NO* CONTROL 
(continued) 


Oevefopment 

issue 

Practfcei 

ProbiCfn 

fiowntiai 

Solutions 

Qualireti^e 
Cost impact 

• Low Load 
Operaiion 

•Caiaiyst Piuggage 

• Economiier Bypass 

• Large 



• High Temperature 
Catalyst 

• Lari)e 

• Automat . 
Centre* 

V' JHo 

•Feedback Control 

•Small 

•Byprtv 

Er*'*^io^* 


• tf^known 

•Unknown 











CONCEPTUAL APPLICATION OF 
EPRI/B&W LOW NQk COMBUSTOR 



Figure I 










CATALYTIC NOx APPLiCAliON TO COAL-FIRED PLANT 
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Graphic Sc^e 


Figure Z 
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NQk removal vs temperature 

CATALYTIC NOk SYSTEM 


NO^ Reneol EfScinEy no 
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Figure 3 
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Figure 4 


OIL-FIRED NO REDUCTIONS WITH NONCATALYTIC 
AMMONIA INJECTION 
LABORATORY DATA 
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